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ABSTRACT 
Six weanling rats were fed a  diet containing 0.4 per cent BAPN fumarate and 
sacrificed after 5  to 33  days on the diet.  The  ascending aortae were fixed  with 
OsO4, embedded  in methacrylate and araldite,  sectioned,  stained with lead  hy- 
droxide,  and  examined with  the  electron  microscope.  The  descending  thoracic 
aortae were examined by light microscopy. 
Compared  with  pair-fed  controls,  the  experimentals showed  definite changes 
which became more  marked as the disease progressed.  The wall became thicker 
with wider  interlaminar spaces,  radial  orientation of  the  smooth  muscle  cells, 
progressive loss of desmosomes, and progressive increase in a dense, finely stippled 
material that coated the edges of the elastic laminae and extended outwards be- 
tween the muscle ceils and separated the ends of these cells from the laminae. This 
stippled material occurred at the same sites as the increase in PAS-positive and 
azan-positive material seen with the light microscope. There was an increase in 
subendothelial and interlaminar collagen, and electron microscopy clearly showed 
that the cells were smooth muscle and not fibroblasts. 
The possible bearing of the morphological changes on the formation of  aortic 
aneurysms is discussed. 
Interest in lathyrism has been intensified during 
the past  5 years  since the isolation of  the crystal- 
line  factor  from  Lathyrus  odoratus  (1)  and  the 
experimental  production  of  various  clinical  syn- 
dromes  by  the  administration  of  closely  related 
compounds  with  or  without  amino  acid  supple- 
ments  (2).  The  history  of  the  disease  has  been 
reviewed  by  Pentschew  (3)  and  the  histology  of 
the  skeletal  changes  has  been  reported  by  many 
workers  (4-6).  The  oral  pathology  has  been 
described  by  Krikos  et al.  (7)  and  Gardner  et al. 
(8),  and  numerous  papers  have  been  published 
on  the  aortic  changes  in  animals  in  both  the 
presence  and  absence of  aneurysms  (9-15).  How- 
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ever,  no  electron  microscope  studies  appear  to 
have been published on  the  subject.  The  present 
paper describes the changes observed with the light 
and  electron  microscopes  in  rat  aorta  at  various 
stages  during  the  development  of  the  disease. 
These  are  compared  with  pair-fed  litter  mates 
not fed the lathyrus factor (16). 
Materials and Methods 
Six albino rats  of  the  Sprague-Dawley  strain were 
weaned at 21 days. Four were fed 0.4 per cent/5-amino- 
propionitrile (BAPN) fumarate in Purina fox chow and 
sacrificed when 26, 37,  41, and 47  days old. Two were 
given the same diet to which 10 per cent casein (Ham- 
mersten  quality)  and  0.86  per  cent  dl-methionine 
(Merck)  had been added.  These were sacrificed when 
38 and 54 days old.  In addition, an adult rat was fed 
the lathyrogenic diet for 42 days. Great care was taken 
to grind the crystalline BAPN, casein, and methionine 
to  a  fine powder  in  a  pestle  and  mortar followed  by 
final mixing with the chow by an electric mixer. Litter 
mates pair-fed on Purina chow alone acted as controls 
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(although the  adult and the  26-day old rats had  no 
controls) and these formed the subject of the preceding 
paper (16). 
The ascending aortae of the lathyritic  animals were 
removed, fixed, embedded, stained,  and examined in 
the  electron microscope as described for  the  controls 
(16). Samples of the  descending thoracic aortae  were 
fixed in 10 per cent formalin, stained with haematoxylin 
and eosin, McManus'  periodic acid-Schiff (PAS) pro- 
cedure,  Verhoeff's  elastic  stain,  and  Heidenhain's 
azan and examined histologically. The assumption was 
made that so far as this study is concerned the ascending 
and descending aortae were essentially identical This 
was borne out by electron microscopy of the descending 
thoracic aorta of the 47-day old animal which presented 
the same features as the others. 
RESULTS 
All  the  animals  developed  typical  lathyritic 
skeletal  deformities,  and  the  majority had  hind 
leg paralysis, the  severity of  both  conditions in- 
creasing with age and hence the duration of  the 
diet. One casein-fed animal died on the 26th day 
of the diet of a ruptured aneurysm of the ascend- 
ing  aorta,  resulting  in  a  massive  hemothorax. 
The  descending  thoracic  and  abdominal  aorta 
appeared  normal  macroscopically.  None  of  the 
sacrificed  animals had any naked eye evidence of 
aortic aneurysms. 
Light Microscopy: 
The endothelium could only be seen with dif- 
ficulty in the control sections but was more easily 
visualized  in  the  37-  and  41-day  old  lathyritic 
animals,  developing  into  definite  hypertrophy 
in the 47- and M-day specimens. 
The  walls  of  all  the  lathyritic  aortae  were 
thicker  than  those  from  the  control  animals of 
the same age. This condition was accompanied by 
a  definite increase  in  the  width  of  interlaminar 
spaces  and an increase in the number and size of 
the  muscle  cell  nuclei,  which  were  smaller  and 
rounder  than  their  corresponding  controls.  The 
silver elastic stain showed  intact elastic laminae 
in  all  the  lathyritic  specimens  and  a  marked 
increase in granularity in the interlaminar space. 
Preparations stained with Schiff's reagent revealed 
a  marked  increase in  PAS-positive material  be- 
tween the elastic laminae. 
Heidenhain's azan  delineated the  endothelium 
and the smooth muscle cell nuclei dearly and, in 
addition, revealed changes in the lathyritic aortae 
indicating  an  accumulation  of  mucinous  mate- 
rial between the elastic laminae. Purple granules 
were  scattered  throughout the interlaminar space 
as  well as being concentrated along the  edges  of 
the  laminae  in  both  the  lathyritic  and  control 
specimens.  In the latter, occasional areas staining 
pale  blue were  seen,  but  these  were  greatly  in- 
creased,  both in number and size, in the lathyritic 
sections. In the M-day old  animal this pale blue 
material  was  concentrated in  the  subendothelial 
region and accompanied by some very pale blue 
structureless  material  with  an  edematous  ap- 
pearance. 
All the histological changes found in lathyrism 
increased  as  the  disease  advanced,  being  most 
pronounced in the M-day old animal. 
Electron  Microscope  Findings  (Table  I  and  Text- 
Fig. 1): 
Endothelium  (Figs. 1 and 12).--This exhibits the 
same  anatomical  plan  as  the  controls  (16) but 
there is hypertrophy of  the  endothelial cells  and 
an increase in width of the subendothelial layer as 
compared with  normal animals of  the  same age. 
In  the  M-day  old  lathyritic  aorta  this  sub- 
endothelial  layer  contains  more  fine  collagen 
fibrils than  the pair-fed  control as  well  as  some 
dense,  vacuolated  inclusions of  varying size  and 
shape  not seen  in any other  specimen  (Fig.  1). 
Examination of  the  plates  reveal  that  these  in- 
clusions are composed of the same stippled material 
found on the subendothelial border of the internal 
elastic  lamina  (Fig.  12)  and  described  below. 
Media  (Figs. 2  to 15).--As noted with the light 
microscope,  the  thickness  of  the  aortic  wall  is 
markedly increased in the lathyritic specimens as 
compared with controls of the same age,  and this 
is  accompanied by  widening of  the  interlaminar 
spaces  and an increase in the number of  smooth 
muscle cells (Text-fig.  1 and Figs. 4 and 5). 
Elastic Laminae.--These differ from the controls 
in several respects.  A  peripheral "coating" grad- 
ually develops as the disease  advances, spreading 
outwards into the interlaminar space and separat- 
ing  the  smooth  muscle  cells  from  the  laminae. 
This  is  not  detected  in  the  26-day  old  animal 
(which  had  only been  fed  the  diet  for  5  days) 
or the animal which was adult before  starting the 
diet (Table I). It is present in all the other speci- 
mens,  beginning as  well  demarcated,  localized, 
semicircular regions of  dense, finely stippled ma- 
terial projecting from  the  edges  of  the  laminae, 
or as small areas situated intermittently along the 
periphery of the laminae (Figs. 6 to 8, 13, and 14). M.  K.  KEECH 
TABLE  I 
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EM Findings  Lathyritic Animals  5 Controls 
BAPN only  None  Additions to diet .............. 
Number of days on diet ....... 
Orientation  of  smooth  muscle 
cells ....................... 
Desmosomes attached to elastic 
laminae .................... 
New  material  "coating"  elastic 
laminae .................... 
Altered  lead  staining of  elastic 
laminae embedded in Mt ..... 
Added C and M 
17  33 
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In addition the lathyritic specimens had hypertrophied endothelium, a  thicker aortic wall, wider interlaminar 
spaces, increase in smooth muscle cells,  and increase in intercellular collagen as compared with the controls. 
The gradual increase in  PAS-and azan-positive material seen under the light microscope occurred at the same 
sites as the new, dense, finely stippled material visualized under the EM. 
Mt  =  methacrylate; C  =  10 per cent casein; M  =  0.86 per cent methionine; BAPN =  0.4 per cent /3-amino- 
propionitrile fumarate; O  =  oblique; R  =  radial; EM  =  electron microscope. 
* Adult before started on diet. 
This  material  appears  to  be  continuous  with  the 
elastin  and  stains  with  lead.  As  the  diet  is  con- 
tinued,  the  areas  become  confluent  along  the 
edges  of  the  laminae  and  extend  outwards  to 
separate the ends of the smooth muscle cells from 
the  elastin.  In  addition  it  extends  between  the 
muscle  cells  into  the  interlaminar  space  (Figs. 
10  and  11).  The  appearance  of  this  material 
differs  slightly  with  the  embedding  medium  but 
is constant for the same media in different animals. 
In araldite  it is dense and finely stippled whereas 
with  methacrylate  it  is  coarser  and  more  reticu- 
lated. A systematic study of all the control laminae 
embedded in both media did not reveal any of this 
new material. 
Muscle cells in control animals characteristically 
showed frequent zones of attachment to neighbor- 
ing  elastin,  and  these  were  described  previously 
and  termed  "desmosomes"  (16).  In  the lathyritic 
animals  these  are  absent  where  the  stippled  ma- 
terial is interposed between the elastin and smooth 
muscle  (Text-fig.  1).  However,  in  the  26-day  old 
rat  on  the  lathyrogenic  diet  for  5  days,  and  the 
animal which was adult before the diet was started, 
no stippled material is found, and desmosomes are 
present  and  associated  with  the  normal  oblique 
orientation of  the  smooth  muscle  cells  (Table  I). 
This  is  accompanied  by  the  alteration  in  lead 
staining  of  the  laminae  described  below.  In  the 
animal fed the diet for  17  days several areas were 
photographed  showing apparent separation of the 
desmosomal  attachments  (Figs.  9  and  13).  After 
33  days on the diet occasional zones on the more 
liberally  coated  laminae  appear  to  represent  dis- 
organized desmosomal sites (Fig.  15). 
Apart from the peripheral coating described above, 
the  araldite-embedded  elastic  laminae  are  of  normal 
appearance with the dense, linear streaks as described 
for  the  controls.  In  contrast,  the  methacrylate- 
embedded specimens reveal a  qualitative change when 
stained with lead (Fig. 2). This is seen as small, needle- 
like crystals strictly localized to the lamina or its inter- 
laminar branches, and easily distinguishable from any 
other contaminating particles that happen to be pres- 
ent.  This  change  occurred  in  nearly  every  lathyritic 
methacrylate-embedded  elastic  lamina  photographed 
after  staining with  saturated  lead  solution,  but  was 
absent  in  similarly stained  araldite  preparations  and 
in all the controls (Fig. 3). 
Elastic laminae in methacrylate-embedded lathyritic 
tissue stained with 10 per cent aqueous phosphotungstic 
acid  (PTA)  for  10  minutes remained  morphologically 
unchanged, whereas duplicate sections from the same 
block  stained  with lead  for  30  minutes exhibited  the 
characteristic  changes  described.  Lathyritic  sections 
stained first with  10 per cent PTA for 5  minutes fol- 
lowed by lead for 10 minutes also presented this qualita- 
tive change. This shows that prior treatment with 10 
per cent PTA does not interfere with the subsequent 
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lead. It is unlikely that the presence of these character- 
istic particles is related to the extent the sections had 
been washed after staining, as  a  standard  procedure 
was employed for all  preparations examined, whether 
tests or controls, embedded in methacrylate or araldite. 
Smooth Muscle Cells (Figs. 4 to//).--The normal 
oblique  orientation  described  previously  (16) 
is altered so that the smooth muscle cells are now 
radially  oriented  with  respect to  the axis  of  the 
aorta  (Text-fig.  1 and  Fig. 4).  However, as men- 
tioned  above,  the  normal  arrangement shown in 
Fig.  5  (oblique  muscle  cells,  presence  of  des- 
mosomes, and  absence of stippled material)  per- 
sists in the animal fed the diet for only 5 days and 
NORMAL  AORTA 
LATHYRITIC  AORTA 
TExT-Fro.  1.  Diagrammatic representation of normal and lathyritic rat aortae. 
Normal  Aorta.--a  =  endothelium  showing  nuclei 
with  nucleoli,  vesicle-lined  luminal  surface  of  the 
plasma membrane, and intercellular boundaries. 
b  =  subendothelial layer  containing scanty,  very 
fine collagen  (small dots) and blunt processes from the 
luminal aspect of the internal elastic lamina, some ap- 
parently separated  from  their  parent  lamina  by  the 
plane of section. 
c  =  internal  elastic  lamina  with  collagen  sheath 
(large  dots) on medial aspect. 
d =  interlaminar space containing obliquely oriented 
smooth  muscle  cells  containing  myofilaments,  sur- 
rounded by  scanty, fine collagen  fibrils.  Desmosomes 
occur where the cell membrane is apposed to the lamina] 
edge, sometimes overlapping it obliquely in a stepwise 
fashion, as well as to the interconnecting elastic fibrils 
branching from the lamina. Localized  areas of increased 
electron  density in  the  plasma  membrane  bordering 
the  collagen  sheath  and  associated with  vesicles  are 
seen. 
e and g =  collagen  sheath (large  dots) investing the 
first elastic lamina of the media (f). 
Lathyritic  Aorta.--a  =  hypertrophied endothelium. 
b  =  wider subendothelial layer containing a  larger 
number of thicker collagen fibrils  (large dots). Portions 
of the new dense, finely stippled material are seen at 
the ]aminal edge as well  as lying free in  the subendo- 
thelial layer. Some of the latter are vacuolated. 
c  =  internal elastic lamina, the edges of which are 
coated  with  the  dense,  finely  stippled  material 
(hatched). 
d  ---  wider  interlaminar  space  containing radially 
oriented smooth muscle  cells  surrounded by  a  larger 
number  of  thicker  collagen  fibrils  (large  dots).  No 
desmosomes are  seen,  but  the  vesicle-lined  areas  of 
increased electron density bordering the collagen sheath 
persist. 
e and g =  collagen  sheath investing the first elastic 
lamina of the media (f), the edges of which are coated 
by the dense, finely  stippled material  (hatched). This 
extends into the interlaminar space as the disease ad- 
vances, both between the muscle cells as well as sepa- 
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the animal started on the diet when adult  (Table 
I).  Apart  from  these  two  exceptions,  the  muscle 
cells  are  increased  in  number,  frequent  nucleoli 
are  seen,  and  the  cytoplasm  contains more  mito- 
chondria and  ribonucleoprotein particles  than the 
controls.  This  increase  in  cytoplasmic  structures 
renders  the  myofilaments  less  evident.  Although 
the  presence  of  stippled  material  is  associated 
with loss of desmosomes between muscle cells and 
elastin,  the  vesicle-lined  regions  of  the  cell  mem- 
branes bordering the collagen sheaths and the line 
of  vesicles  immediately  beneath  the  lateral  cell 
membranes persist (16). 
In  the  normal  aortae  there  is  an  increase  in 
intercellular  collagen  associated  with  the  growth 
of  the  animal.  This  increase  is  greater  in  the 
lathyritic specimens,  being particularly noticeable 
in  the  subendothelial  region.  Measurement  re- 
veals  that  the fibrils  in  the  subendothelial  layer 
and  the  media  are  slightly  thicker  than  in  the 
controls  of  the  same  age.  The  control  collagen 
measures  200  to  500  A  whereas  the  lathyritic 
measures 400 to 700 A  in width. In some specimens 
there  are  areas  of  structureless  material  between 
the cells suggestive of edema. 
Adventitia.--This  is  similar  to the controls and 
the collagen presents the same ring-like appearance 
on  cross-section  (Fig.  14)  as  fully  described  pre- 
viously  (16).  Again  the  fibrils  tend  to  be  thicker 
than  in  controls of  the  same  age,  measuring  700 
to  1000  A  in width  in contrast  to  the  700  to  800 
A  found  in  the  controls. 
DISCUSSION 
The  lathyrogenic  diet  was  started  when  the 
rats were weaned and  10 per cent casein and 0.86 
per  cent methionine were  added  in  order  to  pro- 
duce  aortic  aneurysms  because  it  has  been  em- 
phasized  in  the literature  that  these supplements 
increased  the  incidence of  aneurysmal  formation, 
and  the  younger  the  animal  at  the  start  of  the 
diet  the  more  widespread  the  changes  observed 
(2, 4,  9,  11,  14,  17,  18).  Only  1 of the 6  weanlings 
developed  an aneurysm  which ruptured  to give a 
massive  hemothorax.  However,  in  spite  of  the 
lack  of gross  change, all  the aortae of  the experi- 
mental  animals  showed  definite  changes  under 
the  light  microscope  as  pointed  out  by  Wirt- 
schafter (13) and Walker (14). 
Most workers note an increase in width of the inter- 
laminar  spaces  in  lathyrism  associated  with  intact 
elastic  laminae although Wirtschafter  (13)  found  dis- 
integrating laminae and  Walker  (14)  noted  a  lack  of 
formation of elastin in the aorta and other mesodermal 
tissue in rats fed from the age of 17 days. Menzies and 
Mills (4) stress the importance of obtaining exact trans- 
verse sections in order to avoid artefactual fraying and 
narrowing of  the laminae, and Bachhuber and  Lalich 
(17)  observed the altered directions of the laminae in 
the aortic arch at the origin of the great vessels.  In the 
present study the arch was avoided and no evidence of 
fraying  or  narrowing  of  the  laminae  was  found.  All 
authors agree on the increase in interlaminar cells but 
differ  as  to  their identity.  Some  presumed  they  were 
smooth  muscle  cells.  Wirtschafter  (13)  stated  that 
smooth  muscle  cells  were  noticeably absent  and  that 
there  was  hyperplasia  and  hypertrophy  of  the  fibro- 
blasts, and the previous year Walker and Wirtschafter 
described densely packed,  radially oriented fibroblasts 
between  the  elastic  laminae.  Electron  microscope  ex- 
amination confirmed  the  cellular  increase  and  radial 
orientation but clearly showed they were smooth muscle 
cells  and  quite  different  from  the  fibroblasts present 
in the adventitia. However, these muscle cells contained 
more nucleoli, mitochondria, and endoplasmic reticulum 
than the controls, and this may indicate altered func- 
tion. The continual variation in these cellular elements 
during metabolism in  vivo  was emphasized  by Caesar 
et al.  (19). 
By  using  special  histological  stains,  a  number  of 
workers  have  demonstrated  a  great  increase  in  both 
metachromatic and PAS-positive material between the 
elastic  laminae  (4,  10--12, 14),  especially in  the inner 
two-thirds  of  the  media.  A  comparable  regional  dis- 
tribution  of  material  with  similar staining properties 
was found in rabbits injected with BAPN (15).  In the 
present study the azan-positive material was situated 
in the inner media and the PAS-positive material was 
found to increase as the disease progressed and followed 
the distribution outlined by Churchill el al.  (10), being 
concentrated along the margins of the laminae or extend- 
ing as  branching fibrils across  the interlaminar space. 
Under the electron microscope a parallel accumulation 
of dense, finely stippled material appeared at first along 
the edges of the laminae,  and  then extended out into 
the  interlaminar  space,  both  in  between  the  muscle 
cells as well as separating the terminations of the muscle 
cells from the elastin.  On the basis of enzyme experi- 
ments  the  metachromatic  material  was  postulated  to 
be  chondroitin  sulfate  B  (10),  but  the  majority  of 
authors  (largely  due  to  the  variation in  the  reaction 
to  Schiff's  reagent)  are  less  specific  and  believe 
lathyrism  produces  a  disturbance  in  mucopolysac- 
charide  metabolism.  Whether  this  represents  an  in- 
crease  in  the  polysaccharide normally  present  or  the 
appearance  of  a  new  substance remains an unsettled 
question (4). 
Pyorala et  al.  (12)  fed one group  of rats a  lathyro- 
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from the age of 44 days. The first group developed the 
usual  large accumulations  of  PAS-positive and  meta- 
chromatic material in the interlaminar  space and  this 
was  coarsely  granular  and  frequently  obscured  the 
elastic fibers.  In contrast,  the second  group showed  no 
aortic changes  after being fed 2 to 4 weeks,  but  after 
6  and  7 weeks,  although there was an increase in the 
metachromatic material, it was not so great as in the 
weanlings.  In the present study the animal started  on 
the diet as an adult and fed 42 days only showed slight 
aortic  changes  under  the  electron  microscope  (Table 
I), lint unfortunately no histology was performed. These 
observations  may  be  partially  due  to  the  relatively 
smaller amount of diet consumed per kilo body weight 
by adult, as compared with growing animals. 
Bachhuber  and Lalich (17) remarked on the poorly 
developed intima and  adventitia in  the rat  and  illus- 
trated  gross  fibroblastic  proliferation  in  the  suben- 
dothelial  area  in  advanced  lathyrism.  Otherwise  the 
endothelium escapes  comment in the literature and the 
electron microscope proved of value in delineating the 
normal  fine  structure  and  certain  changes  found  in 
lathyrism. The endothelial cells became hypertrophied, 
the  subendothelial  layer  was  thickened  and,  in  the 
animal  fed the  diet  longest,  contained  vacuolated in- 
clusions.  This material appeared to be the same as the 
stippled  coating of the internal  elastic lamina,  and  in 
several  micrographs portions of  the coating  gave the 
appearance of becoming detached from the edge of the 
lamina,  while  others  were  free  in  the  subendothelial 
layer. The latter may have been displaced by the aortic 
pulse waves. There was also an increase compared with 
controls of the same age,  in the fine collagen fibrils  in 
the  subendothelial  area which  paralleled  the  increase 
of larger fibrils in the media. 
It is difficult  to interpret  the presence of  the char- 
acteristic  needle-like  crystals  strictly  localized  to  the 
elastic tissue and found only in the lathyritic, metha- 
crylate-embedded,  lead-stained  specimens  and  not  in 
the araldite-embedded tissue or in any of the controls. 
It may represent an alteration in the cutting properties 
of  the  lathyritic  elastin  embedded  in  methacrylate, 
which produces  a  sectioned surface such  that  crystals 
of  lead  are  deposited  during  the  subsequent  staining 
and resist removal by washing. 
Electron microscope examination of the normal 
aorta revealed that the smooth muscle cells appear 
to  be  attached  to  the  laminae  by  desmosomes 
without  associated  cytoplasmic vesicles, and  that 
specialized  areas  of  the  cell membrane  bordering 
the collagen sheath  show many associated vesicles 
06).  It  was  suggested  that  the  desmosomes  are 
concerned  with  anchorage  and  the  latter  with 
physiological  functions  (transmission  of  excita- 
tion  and/or  metabolism).  Examination  of  the 
lathyritic specimens revealed a  progressive loss of 
desmosomes  as  the  disease  advanced,  although 
the  vesicle-lined  regions  of  the  cell  surface  re- 
mained.  Morphologically  this  degeneration  of 
desmosomes  appeared  to  be  associated  with  the 
gradual  increase  in  the  new  material  along  the 
edges  of  the  elastic laminae  preventing  access  of 
the  cell  terminations  to  the  laminal  edge.  Many 
pictures  demonstrated  wide  separation  of  the 
cells from the laminae by  this newly accumulated 
material.  Where  this  material  did  not  develop, 
as in the early stages of lathyrism or in the animal 
not fed  the  diet until  it was  adult  (Table I),  the 
full  range  of  desmosomal  attachment  was  seen. 
However,  some  qualitative  elastic  change  had 
occurred since both exhibited the localized altered 
staining  reaction  to  lead  when  embedded  in 
methacrylate. 
The  actual  mechanism  of  the  disappearance  of 
the  desmosomes  is  probably  a  physicochemical 
process  affecting both  the  elastin  and  the plasma 
membrane  of  the  muscle  cell.  This  process  could 
occur simultaneously in each, or as the result of a 
change  in  one  producing  a  secondary  alteration 
in the other. In the early stages of lathyrism several 
areas  were  photographed  that  showed  apparent 
separation  of  the  desmosomal  attachments,  and 
later  in  the  disease  occasional  zones  were  found 
which  probably  represented  disorganized  des- 
mosomal  sites.  This  was  not seen  in  the  controls. 
As  indicated  in  Table  I,  very  occasional  normal 
desmosomes  were  encountered  in  the  lathyritic 
specimens,  the number  diminishing as  the disease 
advanced.  This loss of desmosomes was associated 
with  increased  spaces  between  the  laminae  and 
radial  orientation  of the muscle cells.  Presumably 
this  arrangement  would  be  less  effective  in  re- 
sisting any dilatation of the vessel than the normal 
oblique  position  accompanied  by  anchorage  to 
the  laminal  edge.  It  is possible  that  these patho- 
logical changes  may  be responsible for weakening 
of the aortic media and  hence favor the formation 
of aneurysms. 
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EXPLANATION  OF PLATES 
Unless  otherwise  stated,  all  the  electron micrographs  illustrate sections  of aorta from lathyrltic rats,  embedded  in 
araldite  and stained with a saturated  solution of lead hydroxide. 
PLATE 289 
FIG.  l.  H 3 pertrophied endothelium from an animal fed the lathyrogenic diet for 33  days. The subendothelial 
layer is increased in width and contains more fine collagen as compared with the controls. In addition, dense in- 
clusions (i), some of them vacuolated, are seen at the edge of the internal elastic lamina (arrows) as well as lying 
free in  the subendothelial layer  (See also Fig.  12).  These inclusions are composed of the same stippled material 
that borders the elastic laminae illustrated in Figs. 6 to 11.  X  8,400.  L, aortic lumen. 
FIG.  2.  Low  power,  lead-stained,  methacrylate-embedded aortic  media  from  a  lathyritic  rat  demonstrating 
needle-like crystals  strictly  localized  to  the  elastic laminae  (e)  or  their  inteflaminar  extensions  (arrows).  This 
qualitative change was not found in the araldite-embedded lathyritic specimens nor in any of the controls. 
FIO.  3.  Low power, lead-stained, methacrylate-embedded aortic media from a  control animal for comparison 
with  Fig.  2.  Although a  few contaminating particles are present, none of the characteristic needle-like crystals 
are seen on the elastic laminae (e). THE  JOURNAL  OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE  289 
VOL.  7 
(Keech: Lathyritic rat aorta) PLATE  290 
FtGS.  4 and 5.  Low power views of portions of lathyritic (Fig. 4)  and control  (Fig.  5)  aortae  to demonstrate 
the increased interlaminar space, radial orientation of the smooth muscle cells, and prominent nuclei in the diseased 
specimen. The obliquely oriented muscle cells in the normal animal  frequently make contact between adjacent 
laminae and are surrounded by a  narrow zone of interlaminar  connective tissue. Dense contaminating particles 
are present in both sections. ;<  6,250. THE  JOURNAL OF 
BIOPttYSI('AL AND BIOCHEMICAL 
CYTOI,OGV 
PLATE  290 
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Fro.  6.  Aortic media from the animal fed the lathyrogenic diet for 17 days to show the early stage of the "coat- 
ing" of stippled material (arrows)  on the edges of the elastic laminae (e).  Localized, semicircular regions of the 
dense, finely stippled material project from the lamina which is separated from the smooth muscle cells (m)  by an 
area suggesting edematous connective tissue (o). Endoplasmic ~eticulum and mitochondria are abundantly present 
in the cytoplasm, rendering the myofilaments less evident than in the controls. The elastic lamina exhibits two 
dense wrinkles (the "garters" of histologists) as it changes direction to lie parallel to the direction of the knife. 
Blocks were oriented at right angles to the knife in order to avoid this artefact. The abnormal desmosome (d  p) 
is enlarged in Fig. 9 A. X  9,100. 
Fro.  7.  High power view from the same aorta as Fig. 6 to show the semicircular "cushions" of stippled material 
(arrows), the increase in cytoplasmic mitochondria and ribonucleoprotein particles, and the transversely cut col- 
lagen (c).  X  26,320. THE  JOURNAL OF 
BIOPHYSICAL AND BIOCHEMICAL 
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FI6.  8.  Another part of the same aorta as Fig. 6 at a higher magnification to show the increase iu interlaminar 
collagen, and the finely stippled material  (arrows)  situated intermittently along  the edges of the elastic lamina 
(e). The early change in the desmosomes (d)  is well seell, and is associated with the appearance of the stippled 
material at these sites. X  13,185. 
Flc,  s.  9 A  to C.  Examples of abnormal desmosomes (d  p)  seen in lathyrism. There is a  loss of the well marked 
density along the muscle cell (m) plasma membrane characteristic o~  the controls. This is accompanied by partial 
separation from the elastic laminae  (e)  which exhibit the very early stages  of  deposition of  finely stippled ma- 
terial at  these sites. Fig. 9 A  is enlarged from Fig. 6 and shows some of the structureless material  suggestive of 
edema (o).  Fig. 9 A  X  30,510.  Figs. 9  ~  and C  X  26,320. THE JOURNAL OF 
BIOPHYSICAL AND BIOCItEMICAL 
CYTOLOGV 
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FiGs.  10 and 11.  Aortic media from the animal fed the lathyrogenic diet for 33 days. The periphera! "coating" 
of stippled material is now continuous along the laminal edges (arrows),  is extending out into tbe interlaminar 
space and separating the cells from the elastin. There is an increase in interlaminar collagen as compared with the 
controls, including some very large fibrils (c).  X  9,100. 
FiG.  12.  Hypertrophied endothelium from the same animal as Figs.  10 and 11 to show the early stages of in- 
clusion formation. "Cushions" of the stippled material apparently form on the endothelial aspect of the internal 
elastic lamina @) and project inwards towards the lumen (L). (See Fig.  1.)  X  12,600. THE  JOUI~.NAL  OF 
BIOPHYS[CAL AND BIOCHEMICAL 
CY'fOI.OGY 
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FIGS.  13 and 14.  High power views of elastic laminae (e) in the early stages of lathyrism. The stippled material 
stains with lead, and, although situated in localized areas, it appears to be continuous with the elastin as far as 
can  be judged morphologically. In addition,  the rectangles in Fig.  13 enclose two  abnormal desmosomes,  with 
wide separation of the indistinct plasma membrane from the "coated" elastin.  X  27,6~0.  Fig.  14 also shows the 
collagen fibrils in cross-section  (c) presenting the signet ring appearance described for normal aorta (16).  X  38,6[X). 
FiG.  15.  High power view of elastic lamina (e) in the later stages of ]athyrism to show the continuous deposi 
tion of stippled material along the laminal edge. d r and d" mark probable and possible sites of disorganized desmo 
somes. Both the muscle cell cytoplasm (m) aml the adjacent elastin have become altered, and only  the desmosomai 
outline remains. X  29,700. THE  JOURNAL  OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
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